The Sliding Mode Control approach is used for a class of nonlinear systems ;t = f(t, z) + B ( t , z ) u with uncertain matrix E . The control design is based on the partition of the extended system state space onto the cells with fixed control vector inside each cell. That results in multiple stabile equilibriums for the extended system. In general, these points are different for different values of B . Each equilibrium corresponds to the stability of the origin for the given system. If areas of attraction for the multiple stability points covers the entire state space the proposed control allows to stabilize the system even if the direction of the actuation is unknown.
I. Introduction
Traditionally the robustness properties of the control systems with sliding modes are exploited with respect to the additive perturbations. For a nonlinear system = f ( t , + E ( t , .)[U + g ( t , 41
(1) the sliding mode control provides the closed loop s y s tem invariant to the unknown function g, where g represents external disturbances or the model uncertainities. There are many practical control problems, where the disturbance influences the direction of the control actuation, i.e. the matrix B(t, 2). I t is known [l] that the sliding mode control algorithms are robust with respect to variations A E if they are small enough so that the sliding mode existence condition is not v i e lated. But it is not the case for large deviations of 8 , if, for example, it changes its direction for the opposite. The paper presents a globally convergent sliding-mode control design for systems with uncertain direction of the control vector. The approach is b a e d on the use of the periodic switching function. As a result the extended state space is partitioned onto cells with sliding manifolds as their boundaries. This construction 01 91 -221 6/93/$3.00 Q 1993 IEEE allows to keep the system on the desired manifold even if the actuation direction is unknown and changes during the control process.
Problem Formulation
The general formulation of the problem is the following: for a nonlinear system
where z E R", U E R"', to design robust stabilizing control algorithm, which does not require the knowledge of the matrix B ( t , z ) . As it is always done in sliding mode control design, it is assumed that the objeetive is to steer the state of (2) to the manifold The other examles are mechanical systems in robotics, where the control variable is the magnitude of the applied force, while its direction depends on the positions, velocities and different external factors. In such systems, sometimes, it is undesirable or even impsible to use the information on the direction of this vector for control design, and it is preferred to have the control scheme, where these measurements are not needed.
JII.

The Control Design
The p a i n idea of-the control design is in partitioning the S-subspace (S = col(S'1,. . . , &) E IT) of the extended system onto the cells with smooth boundaries. In a particular case, they may form an &-grid
Inside each cell the control is constant. Alternating control values along the grid, allows to obtain a set of stability points P . 1 for any B, under a nonsingularity condition. In contrast with traditional case, where the goal is S(z) = 0, the sliding mode will occur on S(z) = const. The steady state error, appearing, can be easily removed by using the dynamic compensator. The compensators based on sliding modes provide finite-time convergence of S(t) to the origin.
In case of scalar control the uniform grid corresponds to the periodic switching function. Consider the system:
where U E R', M = {zIs(z) = 0) is a desired mani- I'
The second term in the right hand side of (13) is piecewise constant. In the neighbourhoods of the points
for even k = 0, f2, f4,. . . it has the form:
forodd k = f l , f 3 , ...
sgn [sin (:U)]
= -sgn(u -kE).
(16)
Therefore, if the condition
is fulfilled, the sliding occurs on one of the manifolds
for any sign of G(z)bT(t, I)&.
The equation of the system in sliding mode can be obtaned by differentiating (18) using (12):
Therefore, the manifold M = {zIs(z) = 0) is reached in finite time interval. During the sliding motion the disturbance rejection property is preserved. The control law (11) doesnot require the knowledge of sign(G(z)bT(t,z)]. This sign can be different in different parts of the state space, which means that the system goes from one sliding manifold to another. But since the distance between the manifolds -E can be chosen arbitrary small, and under the condition that G ( z ) b T ( t , z ) = 0 does not coincide with the desired manifold, the equality (19) is violated only for a short period of time (it tends to zero when E * 0).
